Studies conducted in drug addiction suggest a transition in processing of drug-related cues from the ventral to the dorsal component of the striatum. However, this process has not been studied in a behavioral addiction. Assessment of this process in a non-drug addiction can provide insight into the pathophysiology of both substance and behavioral addictions. Thirty-nine male Internet gaming disorder (IGD) subjects and 23 male matched healthy controls (HCs) participated in functional magnetic resonance imaging during performance of a cue-reactivity task involving alternating presentation of Internet gaming-related stimuli (game cues) and general Internet surfing-related stimuli (control cues). Cue-induced neural activations in the ventral and dorsal striatum (DS) were compared between IGD and HC participants. Associations between cue-reactivity within these regions and cue-induced craving and severity and duration of IGD were also explored. IGD participants exhibited higher cue-induced activations within both the ventral and DS when compared with HCs. Within the IGD group, activity within the left ventral striatum (VS) was correlated negatively with cue-induced craving; positive associations were found between activations within the DS (right putamen, pallidum and left caudate) and duration of IGD. Cue-induced activity within the left putamen was negatively associated with right VS volumes among IGD participants. Consistent with studies in substance addictions, our results suggest that a transition from ventral to dorsal striatal processing may occur among individuals with IGD, a condition without the impact of substance intake.
INTRODUCTION
Internet gaming disorder (IGD), the most prevalent subtype (57.5 percent) of Internet addiction disorder (IAD) , is defined as persistent and recurrent use of the Internet to engage in games (American Psychiatric Association 2013). As with other addictions, IGD is associated with numerous negative consequences across multiple domains, including physical health, academic performance, psychosocial functioning and interpersonal relationships (Kuss and Griffiths 2012; Petry et al. 2014) .
The growing prevalence of IGD and its overall importance within a public mental health context is underscored by its recent inclusion in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) as a disorder warranting further study (American Psychiatric Association 2013) . Further research is therefore necessary to determine whether IGD warrants inclusion in the category of ' Addictions and related Disorders' in future versions of the DSM, as well as to aid in the development of more effective treatment interventions.
Drug addiction has been conceptualized as the endpoint of a series of transitions from initial voluntarily drug use to habitual, compulsive drug use and dependence (Everitt and Robbins 2013) . Within this framework, the transition to dependence is thought to be accompanied by dynamic shifts in neural control over approach behaviors: from initial prefrontal-cortical to striatal processing, and, within the striatum, from ventral to dorsal processing, as mediated by its stratified dopaminergic innervation (Everitt and Robbins 2005; Everitt et al. 2008) . This conceptualization, derived largely from preclinical studies (Nestler 2004; Koob and Le Moal 2005) , has more recently been experimentally supported by findings from human studies of substance dependence and pathological gambling (Vollstädt-Klein et al. 2010; LimbrickOldfield et al. 2013; Sjoerds et al. 2014) . For example, negative associations between craving and cue-induced activations in the ventral striatum (VS) (Vollstädt-Klein et al. 2010) and positive associations between craving and cue-induced activations in the dorsal striatum (DS) (Volkow et al. 2006 (Volkow et al. , 2008 have been reported among individuals with substance addictions. However, to our knowledge, no studies have assessed ventral versus dorsal striatal responses to gaming cues in IGD, which may further confirm the validity of this conceptualization in a non-substance addiction.
Existing neuroimaging research indicate alterations in brain reward systems among individuals with IGD/IAD: For example, alterations in dopaminergic neurotransmission within the DS have been reported in IAD (Kim et al. 2011) and studies using cue-reactivity paradigms have reported higher activations within regions of the striatum (caudate, nucleus accumbens; NAcc) among individuals with IGD (Ko et al. 2009b; Sun et al. 2012) . These data suggest possible neural functional similarities between IGD and substance addictions; however, further research is needed to characterize the neural correlates of cue-induced craving among individuals with IGD.
Previous functional magnetic resonance imaging (fMRI) studies conducted in IGD and using cue-reactivity paradigms have employed relatively small sample sizes (≤15 individuals per group) (e.g. Ko et al. 2009b; Sun et al. 2012; Ko et al. 2013) . Thus, findings require replication in adequately powered samples. In addition, to our knowledge, no studies have systematically assessed neural responses to gaming-related cues within different subdivisions of the striatum, e.g. ventral versus dorsal. This study aimed to replicate previous findings in a larger sample of individuals with IGD (n = 39) and to extend previous findings via investigation of the association between neural responses within different striatal subdivisions in relation to clinical characteristics of IGD (e.g. subjective craving, severity and duration of IGD).
Studies conducted in substance-dependent populations suggest associations between striatal neural structure and clinical characteristics including treatment outcome measures (Das et al. 2012; Janes et al. 2014; Yip et al. 2014) . For example, lifetime tobacco use is negatively associated with NAcc volume but positively associated with putamen volume (Das et al. 2012) . In addition, dorsal-but not ventral-striatal volume is positively associated with cue-induced craving among smokers (Janes et al. 2014) . However, the relationship between striatal neural structure and clinical characteristics among individuals with IGD is comparatively less well understood, although recent data suggest that striatal neural structure may be related to the severity of addiction and cognitive control deficits in this population (Cai et al. 2015) . Therefore, a final aim of this study was to explore associations between striatal neural structure and clinical (e.g. duration of IGD) and fMRI (e.g. gaming-cue induced BOLD response in regions of the striatum) measures.
Based on previous findings (reviewed in the preceding texts), we hypothesized the following: (1) Individuals with IGD would exhibit significantly greater activations in comparison to healthy comparison (HC) participants within both the ventral and DS when exposed to gaming-related cues; (2) among IGD participants, cueinduced craving and clinical features of IGD (duration and severity) would be negatively associated with neural responses within the VS but positively associated with neural responses within the DS; and (3) there would be correlations between structure and functioning of corresponding striatal regions in IGD participants.
MATERIALS AND METHODS

Participants
Forty-two individuals with IGD and 23 healthy comparison (HC) participants were recruited via the Internet and advertisements posted at local universities and selected through online questionnaire and telephone screening. A total of 432 individuals participated in initial screening (refer to Supporting Information Table S1 for further details on participant selection).
Participants were recruited according to their weekly Internet gaming time and scores on the Chinese Internet Addiction Scale (CIAS; Chen et al. 2003) , which consists of 26 items on a 4-point Likert scale. The reliability and validity of the CIAS among college students have been demonstrated previously (Chen et al. 2003) . Inclusion criteria for the IGD group were the following: (1) Inclusion criteria for HC participants were the following: (1) a score < 60 on the CIAS; (2) never having spent more than 2 h/week engaged in Internet gaming. Exclusion criteria for all participants were any current or previous use of illegal substances and gambling (including online gambling), any history of psychiatric or neurological illness and current use of psychotropic medications, as assessed by a semistructured interview.
Given the higher prevalence of IGD in men versus women (Ko et al. 2009a; Meng et al. 2014) , only male participants were included. Three subjects in the IGD group were excluded because of excessive head motion during scanning (defined as motion in excess of one voxel); thus, the final dataset comprised 39 individuals with IGD and 23 HC individuals. All participants were right-handed.
Tobacco use characteristics were assessed using the Fagerstrom Test for Nicotine Dependence (FTND; Fagerström 1978) , and nicotine-dependent individuals were excluded (i.e. individuals with an FTND score ≥6; Fagerstrom et al. 1990) . Alcohol consumption was assessed using the Alcohol Use Disorder Identification Test (AUDIT-C; Bush et al. 1998) , and participants with AUDIT-C scores ≥5 (Dawson et al. 2005) were instructed to complete the Michigan Alcoholism Screening Test (MAST; Selzer 1971) for further screening. Individuals with a score ≥6 on the MAST were excluded for alcohol dependence. Current depression and anxiety symptoms were assessed using the Beck Depression Inventory (BDI; Beck et al. 1961 ) and the Beck Anxiety Inventory (BAI; Beck et al. 1988) , respectively. The Institutional Review Board of the State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, approved the study protocols. All participants provided written informed consent and were paid Y̵ 120 for their participation.
Cue-reactivity task
Stimuli and validation
The cue-reactivity fMRI task included two types of Internet-related stimuli: (1) images specific to Internet gaming (game cues) and (2) images of general Internetsurfing related stimuli (control cues). All images were taken directly from the Internet using screenshots. Gaming-related stimuli (game cues) consisted of screenshot images from three of the most popular Internet games -CF, WOW and DOTA. General Internet surfing stimuli (control cues) consisted of general online screenshot images which were unrelated to gaming; e.g. screenshots of Internet chats, of downloading and of searching and online communicating (Supporting Information Fig. S1 ).
Validation of task stimuli was conducted among 144 participants (IGD: n = 87; IAD: n = 27; HC: n = 30) using the Self-Assessment Manikin picture rating system (Lang et al. 1997 ) (refer to Supporting Information for further details on validation of task stimuli).
Task design and presentation
During fMRI scanning Internet gaming cues (30 pictures of CF, WOW or DOTA determined by which game the subject engaged in), control cues (30 non-gaming Internet stimuli) and baseline stimuli (60 mosaic visual stimuli, corresponding degraded stimulus of game and control pictures with no meaning identified) were presented to participants using a block design consisting of 6 Internet-gaming-related blocks (5 stimuli per block), 6 non-gaming-related blocks (5 stimuli per block), and 12 mosaic control blocks (5 stimuli per block). Blocks were divided into two separate runs, each composed of 3 Internet-gaming-related blocks, 3 non-gaming-related blocks and 6 mosaic control blocks. Internet-gaming and non-Internet gaming blocks were always followed by a mosaic control block.
Each block contained five pictures with each presented for 3.7 s following a 0.3-s fixation cross. Following each Internet-gaming and non-Internet gaming block there was an additional 4-s interval for subjects to complete visual analogue scale (VAS) craving ratings. Each run lasted for 274 s and included presentation of an initial fixation cross for 10 s, six 4-s VAS and twelve 20-s stimuli blocks (3 game-related blocks, 3 control blocks and 6 mosaic blocks). The order of the blocks was pseudorandomized (game-baseline, control-baseline, control-baseline and game-baseline; A-B-B-A) to balance the effects of order, whereas the order of the pictures within each block was randomized for each subject (Fig. 1) .
Cue-induced craving was measured by a 6-point VAS (from 1 = 'not craving at all' to 6 = 'severe craving') asking participants to rate their subjective craving for Internet gaming or general online surfing after the related block was presented.
Image acquisition
Data were acquired using a SIEMENS Trio 3.0 T scanner in the Beijing Normal University Imaging Center for Brain Research. fMRI data were obtained using an echo-planar imaging (EPI) sequence with the following parameters: TR = 2000 ms; TE = 25 ms; flip angle = 90°; 64 × 64 matrix size with a resolution of 3 × 3 mm 2 .
Forty-one 3.0 mm axial slices were used to cover the whole cerebrum and most of the cerebellum with no gap. The slices were tilted 30°clockwise from the AC-PC plane to obtain better signals in the orbitofrontal cortex. A high-resolution, T1-weighted sagittal 3-D magnetization prepared rapid gradient-echo sequence was acquired: TR = 2530 ms, TE = 3.39 ms, TI = 1100 ms, FA = 7°, and FOV = 256 × 256 mm. One hundred fortyfour slices contiguous sagittal slices were acquired with 1 × 1 mm in-plane resolution and 1.33 mm slab thickness for whole brain coverage.
Data analysis
Behavioral data analysis
Between-group comparisons of demographic, clinical characteristics and cue-reactivity task performance measures were conducted using independent-sample t-tests or chi-squared tests as appropriate in SPSS 20.0.
Functional image analyses
Imaging data were preprocessed using SPM8 (Welcome Department of Cognitive Neurology, London, UK, http:// www.fil.ion.ucl.ac.uk/spm/spm8). Images were manually reoriented to the AC-PC line, realigned to estimate and modify movement parameters, normalized to MNI space and spatially smoothed with a Gaussian kernel of 5 mm at full width half maximum (FWHM). Statistical analysis of individual participant imaging data was performed using first-level fixed-effects analyses using a general linear model (Friston et al. 1995) . Timing of task events for (i.e. game stimuli, control stimuli, craving rating and insomnia severity index (ISI)) was convolved with the canonical hemodynamic response function, with the realignment parameters included as regressors of no interest. To remove low-frequency signal drift, a high-pass filter (128 Hz) was applied. For each subject a contrast image of game-related > control stimuli was constructed to examine regional brain activation related to Internet game cue-reactivity. These contrast images were entered into a second level random-effects analysis using a two-sample t-test design to investigate between-group effects.
Region-of-interest (ROI) analyses
To examine the hypothesized between-group differences in ventral and dorsal striatal responses during cuereactivity, a priori defined region of interest (ROI) analyses in the striatum were performed. ROIs were defined using bilateral masks for the putamen; caudate nucleus and globus pallidum were derived from the automatic anatomical labeling (AAL) atlas (Tzourio-Mazoyer et al. 2002) incorporated in the WFU-PickAtlas Tool v2.5.2 (Maldjian et al. 2003) . The WFU-Pickatlas does not provide an anatomical mask for the most ventral part of the striatum, comprising the nucleus accumbens. Therefore, we selected a bilateral VS mask (Nielsen and Hansen 2002) defined in the BrainMap database (Fox and Lancaster 1994) and created a binary mask from the probabilistic mask at P > 0.70 using the Image Calculate-tool in REST. This VS mask was then subtracted from each of the AAL-defined striatal areas to distinguish between ventral and dorsal striatal areas. We report significant brain activations within the ROIs that survived family-wise-error (FWE) correction for multiple comparisons using small-volume correction (P SVC-FWE < 0.05).
Whole-brain analyses
Whole-brain statistical maps were voxel-level thresholded at P < 0.001 prior to undergoing cluster-level familywise-error correction (P FWE < 0.05).
Structural analysis of the striatum
Structural MRI data processing was performed corresponding to an established VBM protocol using the VBM8 toolbox (Structural Brain Mapping Group, University of Jena, Germany; http://dbm.neuro.uni-jena.de/ vbm8) for SPM8. For pre-processing, images were segmented into grey matter, white matter and cerebrospinal fluid tissue probability maps. A high-dimensional normalization [Diffeomorphic Anatomical Registration Through Exponentiated Lie Algebra (DARTEL)] was performed using the DARTEL template in MNI space as provided within the VBM8 toolbox. To preserve the total amount of grey matter, spatially normalized grey matter was modulated using the default parameter settings. All images were then smoothed using a 6 mm FWHM kernel, prior to extraction of individual participant gray matter volumes within the anatomically defined ROIs of VS, caudate and putamen.
Correlation analyses
To test for specific patterns of striatal responses related to clinical characteristics, ROI-based regression analyses with subjective craving ratings and durations of IGD as independent variables were performed within the IGD group. All regression analyses focused on the identified ROIs in striatum and were conducted using SVC with p-values thresholded using FWE correction (P FWE < 0.05).
Correlational analyses with structural volumes were performed in SPSS 20.0 using Pearsons's r, and considered significant at two-tailed (P < 0.05). For these analyses mean BOLD parameter estimates at the subregions of the ventral and DS were extracted.
RESULTS
Demographic and behavioral characteristics
Demographic characteristics of IGD and HC participants are shown in Table 1 . IGD and HC groups did not differ significantly in age or years of education. Consistent with the inclusion criteria, IGD participants had significantly higher CIAS scores, and longer years of Internet use/Internet gaming than HCs. Six of the 23 HC participants reported occasionally engaging in Internet gaming. However, also consistent with study inclusion criteria, the IGD group spent significantly more time on Internet games weekly compared with the subgroup of controls reporting occasional Internet gaming. Consist with our hypotheses, the IGD group had higher subjective craving ratings following exposure to Internet gaming stimuli, but did not differ from HC participants in craving ratings following exposure to non-game Internet surfing cues.
According to AUDIT-C and MAST, 33 of the 39 IGD participants and 17 of the 23 HC participants were occasional alcohol drinkers (non-dependent drinkers), and the former reported higher scores of AUDIT-C relative to the HC group. None of the participants met criteria for alcohol dependence, as defined by a score ≥6 on the MAST. Five IGD participants and no controls reported current cigarette smoking. Participants with IGD scored significantly higher than controls on the BDI. c n = 17. *P < 0.05. **P < 0.01. ***P < 0.001.
fMRI results
Region-of-interest analysis
Within-group comparisons. Within the IGD group, exposure to Internet-gaming stimuli (versus general Internet stimuli) was associated with increased neural responses within dorsal striatal ROIs ([t = 4.41, P FWE =0.003, (21, 3, 3) ] and right putamen [t = 4.22, P FWE = 0.016, (21 6 3)] but not within ventral striatal ROIs. Among HC participants, exposure to Internet-gaming stimuli (versus general Internet stimuli) was not associated with any differences in neural responses within either the VS or DS.
Between-group comparisons. SVC group comparisons of gaming-related > control stimuli showed higher cueinduced brain activations in the IGD group compared with the HC group (Table 2) . Specifically, when compared with the HC group, IGD participants exhibited increased activation within the right VS, bilateral caudate, bilateral putamen and bilateral pallidum ROIs (P SVC-FWE < 0.05).
Whole-brain analysis. Whole-brain analyses confirmed the ROI findings of increased BOLD responses within bilateral putamen, caudate and pallidum among IGD participants (in comparison to HCs). Whole-brain analyses further indicated increased activity among IGD individuals within regions previously implicated in cue-reactivity, including the precuneus, inferior frontal gyrus, dorsolateral prefrontal cortex, cerebellum, cingulate gyrus and occipital gyrus. Whole-brain analyses further indicated decreased activations within the right precentral gyrus, insula and operculum among IGD participants when compared with HC participants (P FWE < 0.05) (Table 3; Fig. 2 ).
Regression analyses within the IGD group. Within the IGD group, ROI-based regression analyses indicated a significant negative association between gaming-cue induced subjective craving ratings and gaming-cue induced BOLD responses within the left VS [t = À3.78, P FWE = 0.009, (peak: x, y, z) = (À12, 12, À15); Fig. 3 ]. While a similar pattern was observed for the right VS ROI, this association did not reach statistical significance [t = À2.99, P FWE = 0.055, (15, 12, À15) ]. For illustrative purposes, mean BOLD parameter estimates at the identified cluster peaks for the left VS were extracted using a 3 mm sphere and are plotted against craving ratings in Fig. 3 .
Regression analyses further indicated significant positive associations between durations of IGD and cueinduced activity within the right putamen [t = 4.62, P FWE = 0.006, (27 15 9); Fig. 3 ], right pallidum [t = 5.05, P FWE < 0.001, (15, À3 0); t = 4.70, P FWE = 0.001, (24, À9 0)] and left caudate [t = 3.77, P FWE = 0.05, (À12, 12, 18)]. For illustrative purposes, mean BOLD parameter estimates at the identified cluster peaks for the right putamen were extracted using a 3 mm sphere and are plotted in Fig. 3 .
Among IGD participants, ROI-based regression analyses indicated no significant associations between severity of IGD and cue-induced BOLD responses within subregions of the striatum.
Relationship to striatal volumes
Contrasts between groups. There were no significant between-group differences in grey matter volumes within our a priori ROIs.
Relationship between volumes and brain activity. Within the IGD group, there was a significant negative association between right VS volumes and cue-induced activity IGD = Internet gaming disorder, HC = healthy control, R = right; L = left, VS = ventral striatum, DS = dorsal striatum within the left putamen (Pearson's r = À0.347, P = 0.031; Fig. 4 ). The correlation between right VS volumes and activity in the left putamen in HC group was not significant (Pearson's r = 0.211, P = 0.33).
Comparison of r-values using Fisher's r-to-Z transformation indicated a significant between-group difference in associations between right VS volumes and cue-induced activity within the left putamen (Z = 2.07, P <.05).
DISCUSSION
Consistent with our primary hypothesis, individuals with IGD exhibited increased activation within ventral and dorsal striatal ROIs during exposure to gaming-related cues, when compared with HCs. These data are consistent with previous findings from studies on cue-reactivity conducted in substance-using populations (e.g. Engelmann et al. 2012; Schacht et al. 2013) , as well as those from studies on pathological gambling (Limbrick-Oldfield et al. 2013), suggesting similarities across addiction subtypes.
Further consistent with findings from substance-using populations (Grüsser et al. 2004; Vollstädt-Klein et al. 2010) , and non-substance addictions (Kim et al. 2011) , between-group differences were most pronounced for the dorsal (versus ventral) ROIs, suggesting a transition from ventral to dorsal striatal processing of addictionrelated cues among individuals with IGD. This interpretation is further supported by our finding of activation within dorsal-but not ventral-striatal ROIs in response to Internet-gaming-related cues among IGD participants (within-group comparison).
Consistent with previous studies (Schacht et al. 2013; Vollstädt-Klein et al. 2010) , a negative association between cue-reactivity in the left VS and gamingcue-induced craving was observed, suggesting decreased involvement of the VS in cue processing in individuals with IGD (as would be consistent with a shift to dorsal striatal processing) (Everitt and Robbins 2013) . However, contrary to this hypothesis, associations between BOLD responses within DS and craving were not found, which may indicate neurobiological differences between Mean BOLD parameter estimates at the identified cluster peak for the left VS were extracted using a 3 mm sphere and are plotted against cue-induced craving ratings for illustrative purposes. (C) Positive association between durations of IGD and cue-reactivity within the right putamen (peak SVC activation within the right putamen shown). (D) Mean BOLD parameter estimates at the identified cluster peak for the right putamen were extracted using a 3 mm sphere and are plotted against durations of IGD for illustrative purposes
Positive associations between duration of IGD and cue-induced activities within the DS are consistent with those from a study conducted in alcohol dependence (Sjoerds et al. 2014) , and with neurobiological models positing a transition at the neural level from ventral to dorsal striatal processing over addictive behaviors, as well as a progression from medial to more lateral parts of the DS (Everitt et al. 2008; Everitt and Robbins 2013) . To our knowledge, this is the first report of an association between dorsal striatal activity and duration of addiction among individuals with a non-substance addiction. Together with previous findings, our data therefore suggest validity for this transition in different addiction subtypes, including those not involving exposure to an exogenous substance with impact on dopaminergic functioning.
Contrary to findings from alcohol dependence (Sjoerds et al. 2014) , no significant associations were found between severity of IGD and cue-induced activations within ROIs of the striatum. It is possible that this finding may relate to methodological differences between IGD and alcohol dependence severity measures or else might reflect a neurobiological difference between IGD and alcohol dependence. Further research directly comparing these two clinical populations is needed to determine these and other hypotheses.
Despite the between-group differences in neural functional striatal responses, no significant between-group differences in striatal volumes were observed. This finding is contrary to those from some previous studies conducted among individuals with IGD (Kühn et al. 2011; Cai et al. 2015) and may relate to between-study differences in inclusionary criteria for IGD. Although volumetric differences in the striatum have previously been confirmed among different substance addiction classes (Berman et al. 2008; Janes et al. 2014) , the direction of differences is not consistent across studies, nor is the relationship with severity of addiction (Howell et al. 2013; Cai et al. 2015) . Given the habitual nature of cue-induced craving (Janes et al. 2014) , our finding of a negative correlation between right ventral striatal volumes and left putamen activity during reward cue-reactivity suggests a possible structural neural basis for the transition of ventral to dorsal striatal processing. However, further research using longitudinal designs is needed to establish causality.
Whole-brain analyses confirmed our ROI findings and further indicated that in comparison to HC participants, individuals with IGD had decreased gaming cue-induced brain activations within regions including the right insula and operculum. Individual differences in insular neural function and structure are associated with differences in avoidance learning and fear conditioning following exposure to aversive stimuli (Samanez-Larkin et al. 2008; Hartley et al. 2011) . As such, it is possible that the decreased insula activity observed among IGD participants in this study may relate to alterations in aversion learning. While highly preliminary, this hypothesis is supported by neuropsychological data indicating decreased sensitivity to losses and decreased utilization of feedback during decision-making among individuals with IGD (Yao et al. 2014; Yao et al. 2015) . More generally, decreased insular activity among individuals with IGD is consistent with reports from other behavioral and substance addictions (Balodis et al. 2013; Paulus and Stewart 2014) , suggesting insular involvement across different addiction subtypes.
Strengths and Limitations
This study has several strengths, including a relatively robust sample size in comparison to previous fMRI cuereactivity studies conducted among individuals with IGD (e.g. Ko et al. 2009b; Sun et al. 2012; Ko et al. 2013) . To our knowledge, this is also the first study focusing on the function of both the ventral and DS in response to Internet gaming-related cues among individuals with IGD. Associations between striatal function and structure and clinical features of IGD (e.g. craving ratings, duration of IGD) were also assessed, providing integrated assessment of ventral versus dorsal striatal cue-processing in a non-substance addiction.
This study also has several limitations, including the cross-sectional design, which prevents us from making causal conclusions related to ventral versus dorsal striatal activations. While our findings are consistent with those from studies conducted in substance-using populations (Vollstädt-Klein et al. 2010; Sjoerds et al. 2014) , longitudinal research is needed to further characterize the relationship between ventral and dorsal striatal activations across the course of IGD and other addictions.
Given the prevalence of Internet use in daily life, and the popularity of Internet games among young adults as a leisure activity, we recruited less severe IGD participants for this study, which represents a large proportion of the population of Chinese universities. However, it is possible that this methodology may have resulted in underestimation of effects. A final limitation of this study is our inclusion of only male participants; thus, further research is needed to determine the relationship between ventral versus dorsal striatal activity among women with IGD.
